Introduction
============

Rheumatoid arthritis (RA) is characterized by a chronic, erosive inflammation of peripheral joints. The etiology of RA is not known, but both genetic and environmental factors contribute to the disease. Gram-positive bacterial infection is one environmental factor that has been linked with RA pathology \[[@B1]\]. The link between systemic bacterial infection and RA is based on observations that bowel-related diseases such as Crohn\'s disease and ulcerative colitis are frequently complicated by arthritis, that RA patients have significantly elevated levels of antibodies to bacterial products (e.g. antipeptidoglycan antibodies), and that bacterial products can frequently be found in RA synovial fluids and tissues \[[@B2]-[@B5]\]. The arthropathogenic properties have been attributed to poorly degradable peptidoglycan--polysaccharide complexes (PG-PS) -- covalently bound polymers that comprise cell walls of Gram-positive bacteria \[[@B2],[@B6]\]. When injected in susceptible strains of animals, crude preparations of bacterial cell walls or purified PG-PS produce disease with clinical features resembling those of human RA \[[@B6]\].

Injected PG-PS accumulate in macrophages of the spleen, liver, and mesenteric lymph nodes \[[@B7]\], resulting in persistent cell activation and secretion of inflammatory cytokines. The activation of macrophages by PG-PS represents an example of innate immune response, a defensive reaction based on recognition of conserved pathogen-associated molecular patterns (PAMPs) shared by large groups of micro-organisms (for review \[[@B8]\]). PAMP recognition in mammals is mediated by the Toll-like receptor (TLR) family of pattern recognition receptors. Engagement of TLRs triggers signal transduction pathways that culminate in the activation of transcription of defensive genes. Individual TLRs produce overlapping but distinct patterns of gene expression, permitting tailoring of host responses to different pathogens. The precise molecular mechanisms whereby distinct PAMPs activate individual TLRs are not well defined. Recognition of lipopolysaccharide (LPS), a major component of the outer membrane of Gram-negative bacteria, is the best studied model of innate immunity \[[@B9]\]. In serum, LPS molecules are opsonized by LPS-binding proteins that recruit LPS to CD14 -- a glycosylphosphatidylinositol-anchored cell surface protein that is expressed by phagocytic cells. The tertiary LPS--LPS binding protein--CD14 complex generates the transmembrane signal of cell activation through an association with the TLR-4 receptor. A principal target and mediator of the TLR-4-induced signaling is the transcription factor nuclear factor-κB (NF-κB), which controls the expression of a variety of proinflammatory cytokines, including IL-1, IL-6, and tumor necrosis factor (TNF)-α \[[@B8],[@B10]\].

It is less clear which primary events and cellular receptors mediate the innate immune responses to and the arthritopathogenic properties of PG-PS. The intracellular signaling that occurs in response to stimulation with peptidoglycans of Gram-positive bacteria is triggered by TLR-2 \[[@B11]\]. A number of *in vitro*studies have suggested that, similar to the involvement of CD14 in LPS signaling, CD14 plays an essential role in the activation of PG-PS induced innate immune responses \[[@B12]-[@B16]\]. However, there are reports that peptidoglycans can directly bind TLR-2 \[[@B17]\] and activate cells independently of CD14 \[[@B18]\]. Studies conducted *in vivo*have also yielded contradictory results. Whereas CD14 knockout mice were resistant to Gram-negative bacteria-induced and LPS-induced shock \[[@B19]\], CD14-deficient mice, when challenged with live or killed Gram-positive bacteria, had survival rates similar to those in wild-type animals \[[@B20]\].

In order to elucidate the role played by CD14 in the innate immune response to PG-PS *in vitro*and *in vivo*, we assessed the inflammatory responses to PG-PS in CD14 knockout primary macrophages and examined the development of PG-PS induced arthritis in CD14 knockout mice. Our findings demonstrate that, in CD14 knockout macrophages, PG-PS failed to activate inflammatory responses *in vitro*, and that the development of PG-PS induced arthropathy was significantly inhibited, albeit not abolished, in CD14 knockout mice.

Materials and methods
=====================

Purified PG-PS (fraction 100P) from group A *Streptococcus pyogenes*was purchased from Lee Labs (Garrison, GA, USA). Endotoxin contamination was under 0.35 pg endotoxin/μg PG-PS, as determined using a *Limulus*amebocyte lysate assay system (Pyrogent^®^*plus*; Biowhittaker, Walkersville, MD, USA). Therefore, the concentration of endotoxin in *in vitro*experiments was under 35 pg/ml, even at the highest (100 μg/ml) concentrations of PG-PS. All reagents, unless otherwise noted, were from Sigma (St. Louis, MO, USA) and the culture medium was from GIBCO (Grand Island, NY, USA).

Animals and arthritis model
---------------------------

Female CD14 knockout mice \[[@B19]\] were backcrossed 10 times onto the BALB/c background, as described previously \[[@B20],[@B21]\]. The expression of CD14 mRNA was evaluated by using RNase protection assay, as described previously \[[@B21]\]. Age-matched wild-type female BALB/c mice were used as controls. To induce acute polyarthritis, animals were injected intravenously with PG-PS (3 mg rhamnose/kg). At this dose, the maximal amount of co-injected contaminating endotoxin was less than 30 pg/mouse. The development of arthritis was evaluated by using a scoring system based on a scale from 0 to 4 for each of four paws, as described elsewhere \[[@B22]\]: 0 = normal paw; 1 = swelling of individual digits; 2 = moderate swelling and redness of ankle or wrist joints; 3 = swelling and redness of at least two joints; and 4 = swelling of the whole paw. According to this system, the total arthritis score of a mouse varied in the range 0--16. To compare the frequencies of arthritis in wild-type and CD14 knockout animals, each mouse that had any signs of arthritis (i.e. total score ≥ 1) was considered positive. To minimize bias, animals were coded and assessed randomly.

Histologic analysis
-------------------

Following the intravenous PG-PS injection on day 0, mice were killed on the next day after the joint inflammation had reached a peak (usually, on day 4). The hind ankle joint and paws were fixed in 10% formalin, decalcified, paraffinized, cut into 5 μm sections, deparaffinized, stained with hematoxylin--eosin, and evaluated histologically. Morphologic assessments of arthritis were performed in a blinded manner using a scoring system with a scale from 0 (no damage) to 4 (severe damage), based on the overall infiltration of inflammatory cells, synovial hyperplasia, and deposition of fibrinous exudates in the joints and surrounding tissue \[[@B4]\].

Cell culture
------------

Splenocytes were harvested as described elsewhere \[[@B23]\]. Cells were resuspended in Dulbecco\'s modified Eagle\'s medium (DMEM) supplemented with 10% fetal bovine serum, HEPES (10 mmol/l) and antibiotics (100 U/ml penicillin G and 100 μg/ml streptomycin sulfate), and incubated at 37°C in 5% carbon dioxide for 1 hour. The nonadherent cells were washed out gently twice with phosphate-buffered saline and once with DMEM. Cell viability was typically in excess of 95%, as assessed by trypan blue exclusion. Peritoneal macrophages were collected as previously described \[[@B20]\]. Cells were recruited by an intraperitoneal injection of a sterile solution of 3% thioglycollate. Three days after intraperitoneal injection, the peritoneal exudates were collected and washed thee times, and cells were allowed to adhere to plastic for 30 min, followed by removal of nonadherent cells. Unless otherwise indicated, cells were maintained for 24 hours before use in a DMEM media at 37°C in 5% carbon dioxide.

Assessments of intracellular calcium
------------------------------------

The intracellular calcium concentration (\[Ca^2+^\]~i~) in macrophages was measured using fura-2, a fluorescent \[Ca^2+^\]~i~indicator, as described elsewhere \[[@B23]\]. Macrophages were plated on coverslips in a DMEM media supplemented with 10% fetal bovine serum at 24 hours before measurement. Growth media was replaced with a modified Hanks\' balanced buffer (115 mmol/l NaCl, 5 mmol/l KCl, 0.3 mmol/l Na~2~HPO~4~, 0.4 mmol/l KH~2~PO~4~, 5.6 mmol/l glucose, 0.8 mmol/l MgSO~4~, 1.26 mmol/l CaCl~2~, and 15 mmol/l HEPES; pH = 7.4) containing 5 μmol/l acetoxymethyl ester of fura-2 (Molecular Probes, Eugene, OR, USA). Cells were incubated at room temperature for 30 min and stimulated with indicated concentrations of PG-PS. The \[Ca^2+^\]~i~measurements were performed in individual cells by using a microspectrofluorometer (InCyt Im2™ Imaging, Cincinnati, OH, USA) interfaced with an inverted microscope TMS-F (Nikon, Kanagawa, Japan) \[[@B23]\]. The fluorescence intensity was monitored at excitation wavelengths 340 and 380 nm, and emission wavelength 510 nm. Each value was corrected by subtracting the system dark noise and autofluorescence. The \[Ca^2+^\]~i~was calculated as \[Ca^2+^\]~i~= Kd(\[R - Rmin\]/\[Rmax - R\]) × (F~0~/Fs) as previously described \[[@B23]\]. Cells were selected at random and analyzed using InCyt Im2™ image acquisition and analysis software.

Assessments of nuclear factor-κB activation
-------------------------------------------

Cellular localization of the RelA (p65) subunit of NF-κB was detected by immunocytochemistry. Splenic macrophages were stimulated with PG-PS for 30 min, fixed for 10 min with ice cold methanol, and blocked for 30 min in a 10% normal goat serum (Sigma). Cells were immunostained using a primary polyclonal rabbit anti-RelA antibody (Rockland Immunochemicals, Gilbertsville, PA, USA) diluted at 1:200 in 10% normal goat serum, and visualized with the secondary rhodamine isothiocyanate-conjugated antirabbit antibody. Nuclei were counterstained with Hoechst 33342 (Molecular Probes).

RNA isolation and reverse transcription polymerase chain reaction
-----------------------------------------------------------------

Total RNA was extracted from homogenized tissues by using Trizol reagent (Sigma). One nanogram of RNA was subjected to reverse transcription by using MLV reverse transcriptase (Promega, Madison, WI, USA). The resulting cDNA was PCR amplified with the following primers: TNF-α: 5\'-TAC TGA ACT TCG GGG TGA TTG GTC C-3\' (forward) and 5\'-CAG CCT TGT CCC TTG AAG AGA ACC-3\' (reverse); and glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 5\'-TGA AGG TCG GTG TCA ACG GAT TTG-3\' (forward) and 5\'-GTA CAT CCG TAC TCC AGG TGG TG-3\' (reverse). In a typical PCR reaction, 50 ng cDNA template was added to a mixture containing 75 μmol/l of primers, 2.5 mmol/l dNTPs, and 1 U Taq polymerase. For detection of TNF-α message, the template was amplified by 26 cycles of PCR (at the annealing temperature 56°C). GAPDH was amplified by using 24 cycles (annealing temperature 63°C). The PCR products were visualized by agarose gel electrophoresis.

Statistical analysis
--------------------

Unless otherwise indicated, all results are expressed as means ± standard error of the mean. Statistical differences between groups were determined using analysis of variance with Tukey\'s or Scheffe\'s *post hoc*test. Scores were compared using the Mann--Whitney rank sum test. *P*\< 0.05 was considered statistically significant.

Results
=======

CD14 mediates the PG-PS-induced increase in intracellular calcium concentration
-------------------------------------------------------------------------------

PG-PS stimulation induces a rapid, transient increase in \[Ca^2+^\]~i~, which is a prerequisite for induction of inflammatory gene expression by PG-PS and LPS \[[@B23]-[@B25]\]. Here, we compared the increase in \[Ca^2+^\]~i~in primary spleen macrophages from wild-type and CD14 knockout mice. Stimulation of cells with PG-PS in a serum-free medium did not induce an increase in \[Ca^2+^\]~i~(data not shown), which is consistent with previously published data \[[@B14]\]. In the presence of serum, PG-PS caused a rapid and transient increase in \[Ca^2+^\]~i~(Fig. [1a](#F1){ref-type="fig"}), which peaked at approximately 2 min after stimulation. This response was dose dependent and reached a plateau at concentrations above 20 μg/ml (Fig. [1b](#F1){ref-type="fig"}). The increase in \[Ca^+2^\]~i~was significantly reduced in CD14 knockout cells. At the saturating concentrations of PG-PS (20 μg/ml), the maximal increase in \[Ca ^2+^\]~i~in the wild-type cells was 47 ± 5 nmol/l as compared with 12 ± 7 nmol/l in CD14 knockout cells (Fig. [1b](#F1){ref-type="fig"}), indicating that the PG-PS-induced transient increase in \[Ca^2+^\]~i~was mediated by CD14.

PG-PS-induced nuclear factor-κB activation is mediated by CD14
--------------------------------------------------------------

The transcription factor NF-κB is a pivotal regulator of genes that are involved in inflammation and immunity \[[@B26]\]. NF-κB is an essential component of TLR signaling \[[@B8]\]. The activity of NF-κB is controlled by interaction an inhibitory molecule known as IκB. Cell stimulation induces degradation of IκB, thereby allowing NF-κB to enter the nucleus and initiate the transcription of target genes \[[@B27]\]. Thus, the nuclear localization of NF-κB is indicative of NF-κB activation.

To assess NF-κB activation, wild-type and CD14 knockout spleen macrophages were stimulated with PG-PS and immunostained with antibodies against the RelA (p65) subunit of NF-κB. As shown in Fig. [2](#F2){ref-type="fig"}, NF-κB was largely cytoplasmic in resting cells (top panels) whereas PG-PS stimulation induced nuclear translocation of NF-κB in the majority of wild-type cells (middle panels). In contrast, only few, if any, of the PG-PS-stimulated CD14 knockout cells had nuclear NF-κB (lower panels), indicating that PG-PS-induced NF-κB activation is CD14-dependent.

CD14 mediates PG-PS-induced production of inflammatory cytokines
----------------------------------------------------------------

The signal transduction pathways activated by TLRs culminate in activation of transcription of defensive genes. The expression of many inflammatory cytokines, including IL-1, TNF-α, and IL-6, depends on NF-κB, because their promoters contain NF-κB-binding sites, and specific suppression of NF-κB blocks their production \[[@B28]\]. Here, we examined the production of these cytokines in response to PG-PS. Upon stimulation with PG-PS wild-type peritoneal macrophages secreted large quantities of IL-6 (Fig. [3a](#F3){ref-type="fig"}), whereas the IL-6 production by CD14 knockout macrophages was below the level of detection (\<10 pg/ml). Similar to that finding, PG-PS-stimulated CD14 knockout macrophages produced much less TNF-α than did wild-type cells (Fig. [3b](#F3){ref-type="fig"}). The results in peritoneal macrophages were in good agreement with those observed in spleen macrophages (data not shown). Therefore, PG-PS-induced production of inflammatory cytokines is CD14-dependent.

The severity of PG-PS-induced arthritis is attenuated in CD14 knockout mice
---------------------------------------------------------------------------

To elucidate the role for CD14 in development of PG-PS-induced arthropathy, CD14 knockout mice were backcrossed on a BALB/c background, which is highly susceptible to PG-PS-induced acute arthritis \[[@B22]\]. Intravenous injection of PG-PS caused polyarthritis that reached a peak at around 2 days after injection. At that time, each animal in the wild-type group had developed arthritis (19/19 mice \[100%\]), with an average arthritis index of 4.1 ± 0.5 (Fig. [4](#F4){ref-type="fig"}). In CD14 knockout mice, both the incidence of arthritis (11/16 \[68%\]; *P*\< 0.05) and the average arthritis index (2.3 ± 0.5; *P*\< 0.05) were significantly inhibited.

The pathomorphologic changes within arthritic joints were consistent with those previously described in this model \[[@B22]\] (i.e. the infiltration of inflammatory cells into the synovium, synovial hyperplasia, and fibrinous deposits; Fig. [5a](#F5){ref-type="fig"}). Infiltration of inflammatory cells was apparent in the tibio-tarsal joint space, synovium, tendon, toes, and surrounding soft tissues. Extensive deposition of fibrinous exudate in the tibio-tarsal joint and in the bursa of the Achilles\' tendon was also observed. There was neither pannus formation nor destruction of cartilage and subchondral bone. All of these changes were observed in some CD14 knockout mice as well, but the magnitude of these changes was much lower. On average, the morphologic arthritis score was 3.3 ± 0.4 in wild-type mice as compared with 1.0 ± 0.5 in CD14 knockout animals (*n*= 8--10 mice/group; *P*\< 0.05; Fig. [5b](#F5){ref-type="fig"}). The morphologic changes correlated well with the gross observation data.

To assess inflammation at the molecular level, we examined the expression of inflammatory cytokines TNF-α, IL-1β, and IL-6 in arthritic joints by RT-PCR. In normal joints the messages were below the level of detection, but at the peak of arthritis these cytokines were readily detectable in the wild-type mice. The expression of TNF-α mRNA was substantially lower in the arthritic joints of CD14 knockout mice (Fig. [6](#F6){ref-type="fig"}). Similar to that finding, IL-6 message was inhibited in the arthritic joints of CD14 knockout mice (data not shown). Combined, these data indicate that the PG-PS-induced arthropathy is significantly reduced in CD14 knockout animals.

Discussion
==========

The etiologic agents of RA remain to be identified. However, in spite of the inability to isolate a specific infectious organism from the joints of RA patients, there is evidence suggesting that transient exposure to indigenous bacterial products may provoke an initial response that could eventually perpetuate and amplify itself. This notion has been supported by numerous animal studies. Single intraperitoneal injection of crude bacterial cell walls or water-soluble PG-PS from Gram-positive bacteria into susceptible strains of rats induces polyarthritis that closely resembles human RA. The joint lesions have a biphasic course with an initial acute inflammation of the ankle, wrist, and small joints of extremities, followed by chronic erosive arthritis (for review \[[@B6]\]). The initial, acute, phase has features of the innate immune response in that inflammation is driven by neutrophils and macrophages and is T-cell independent. The chronic stage of arthritis is T-cell dependent and thus has features of the adaptive immune response \[[@B7],[@B29]\]. Systemic administration of Gram-positive bacterial cell walls or PG-PS in susceptible strains of mice also produces arthritis, although, for unknown reasons, mice develop only the acute phase \[[@B22],[@B30]\]. The minimal essential arthritogenic structures have been identified as PG-PS, the major structural components of Gram-positive bacterial cell walls \[[@B31]\]. The peptidoglycan moiety is responsible for the pathogenicity of PG-PS, because enzymatic digestion of the peptidoglycan moiety eliminates the proinflammatory and arthritopathogenic properties of PG-PS \[[@B32]\]. The peptidoglycan can substitute for PG-PS in the induction of the acute \[[@B22]\] but not chronic phase of arthritis \[[@B2],[@B33]\]; it has been proposed that the polysaccharide moiety protects the peptidoglycan moiety from degradation *in vivo*, thereby facilitating chronic persistence of PG-PS in the host \[[@B2]\].

The primary events and the identity of cellular receptors that mediate the innate immune response to and the arthritogenic properties of peptidoglycan and PG-PS are incompletely characterized. There is substantial evidence that the transmembrane signal leading to cell activation in response to stimulation with Gram-positive peptidoglycans is triggered by TLR-2 \[[@B11]\]. CD14, has been proposed as an intermediate, connecting peptidoglycan with TLR-2-induced cell activation, but the role of CD14 is controversial. On the one hand, neutralizing antibody to CD14 prevented peptidoglycan-induced cell activation, and transfection of CD14-negative cells with exogenous CD14 conferred responsiveness to peptidoglycan \[[@B14]\], suggesting that CD14 plays an essential role. On the other hand, peptidoglycan was shown to bind TLR-2 directly \[[@B17]\] and to induce the activation of TLR-2-transfected cells regardless of CD14, although CD14 increased the affinity of PG--TLR-2 interactions \[[@B17]\] and potentiated cell activation \[[@B18]\], suggesting a facultative role for CD14. It is possible that the discrepancies between the studies can be attributed to differences in experimental conditions. In this regard, using primary cells with genetically inactivated CD14 allowed for clearer interpretation. We demonstrate that, in CD14 knockout macrophages, each step of PG-PS induced signal transduction, including the transient increase in \[Ca^2+^\]~i~, nuclear translocation of NF-κB, and secretion of TNF-α and IL-6, were almost completely suppressed. Thus, our data strongly support an essential role for CD14 in the innate immune responses to PG-PS.

To examine the role for CD14 in PG-PS induced arthropathy, CD14 knockout mice were backcrossed to a susceptible BALB/c genetic background \[[@B22]\]. Because mice do not develop chronic arthritis, we were restricted to examination of acute arthritis, which is driven by the innate immune response to PG-PS. The CD14 knockout mice developed arthritis significantly less frequently (68% versus 100% in wild-type group), and the severity of arthritis was significantly reduced (average arthritis score of 2.5 versus 4.8 in the wild-type group). The gross observation data largely correlated with morphologic assessments, the most pronounced difference being in the degree of infiltration of inflammatory cells. Because CD14 knockout macrophages were largely unresponsive to PG-PS stimulation, these *in vivo*results were not unexpected. It was rather surprising to find that PG-PS was able to induce arthritis in a significant proportion of CD14 knockout mice. The reason for that is not clear. Our analysis of mRNA expression has shown that inflammatory gene expression in arthritic joints of CD14 knockout mice was strongly inhibited but not abolished (Fig. [6](#F6){ref-type="fig"}). It is possible that resident nonphagocytic cells within joints can be activated by PG-PS via CD14-independent mechanisms. In this regard, Kyburz and coworkers \[[@B34]\] showed that stimulation of synovial fibroblasts with staphylococcal peptidoglycan caused cell activation and elevated expression of matrix metalloproteinases and cytokines IL-6 and IL-8; it appeared that cell activation was mediated by both TLR-2-dependent and -independent pathways. It is not known whether CD14 is the major receptor for PG-PS in each cell type; alternative receptors have been proposed, including the peptidoglycan recognition proteins and nucleotide-binding oligomerization proteins (NODs) \[[@B35]-[@B37]\]. Nonetheless, our data indicate that CD14 is an essential receptor for activation of the innate immune response in macrophages by the arthritiogenic PG-PS, and that CD14-dependent mechanisms significantly contribute to PG-PS-induced arthropathy.

Conclusion
==========

Bacterial infection has frequently been associated with RA pathology. The arthropathic properties have been attributed to PG-PS, which are major structural components of bacterial cell walls. The identity of receptors that mediate the arthropathic properties of PG-PS is controversial. Here, we examined the role played by CD14 in PG-PS-induced arthritis in mice. To do so, we used CD14-deficient knockout mice. We found that CD14 knockout macrophages were almost completely deficient in inflammatory responses to PG-PS stimulation *in vitro*. *In vivo*, the incidence and severity of PG-PS-induced polyarthritis in CD14 knockout mice were significantly reduced but not abolished, as compared with their wild-type counterparts. These results support an essential role for CD14 in the innate immune responses to PG-PS and indicate an important role for CD14 in PG-PS-induced arthropathy.
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Figures and Tables
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![Peptidoglycan--polysaccharide (PG-PS)-induced increase in intracellular calcium concentration (\[Ca^2+^\]~i~) is inhibited in CD14 knockout cells. The levels of \[Ca^2+^\]~i~in spleen macrophages were evaluated by using fura-2, a fluorescent \[Ca^2+^\] indicator. **(a)**Kinetics of PG-PS-induced \[Ca^2+^\]~i~(average from six to eight cells). Representative data from two experiments are shown. **(b)**The average maximal increase in \[Ca^2+^\]~i~shown as a function of PG-PS concentration. Data represent means ± standard error of the mean for 12--34 cells from two independent experiments. The significance of the difference between the groups was calculated using one-way analysis of variance with Scheffe\'s *post-hoc*test. \**P*\< 0.05 versus wild-type.](ar1175-1){#F1}

![Peptidoglycan--polysaccharide (PG-PS)-induced activation of nuclear factor-κB (NF-κB) is inhibited in CD14 knockout spleen macrophages. Spleen macrophages were stimulated for 30 min with PG-PS at a concentration of 20 μg/ml. The left column shows immunostaining of the p65 (RelA) subunit of NF-κB, and the right column shows counterstaining of nuclei with Hoechst 33342. The rows show the following: top -- unstimulated cells from wild-type mice; middle -- PG-PS stimulated cells from wild-type mice; and bottom row -- PG-PS-stimulated cells from CD14 knockout mice. Representative data from three independent experiments are shown.](ar1175-2){#F2}

![CD14 mediates peptidoglycan--polysaccharide complex (PG-PS)-induced secretion of IL-6 and tumor necrosis factor (TNF)-α. Peritoneal macrophages were stimulated for 4 hours with the indicated concentrations of PG-PS. Concentrations of TNF-α and IL-6 were determined in supernatants by ELISA. Each determination was done in duplicates. **(a)**TNF-α production by peritoneal macrophages. Data represent means ± standard error of the mean from three independent experiments. **(b)**IL-6 production by peritoneal macrophages. Data represent mean ± SEM from two independent experiments.](ar1175-3){#F3}

![Peptidoglycan--polysaccharide (PG-PS)-induced polyarthritis is attenuated in CD14 knockout animals: gross observation score. Acute PG-PS polyarthritis was induced by intravenous injection of PG-PS (3 mg/kg). The arthritis index was scored as described in the Materials and methods section. Each point represents a mean ± standard error of the mean in 16--19 animals. The significance of the difference between the groups was evaluated by Mann--Whitney rank sum test. \**P*\< 0.05.](ar1175-4){#F4}

![Peptidoglycan--polysaccharide (PG-PS)-induced polyarthritis is attenuated in CD14 knockout animals: morphological assessment. **(a)**Ankle joints at day 3 after intravenous injection of PG-PS. The upper row shows the joint of a wild-type mouse and the lower row the joint of a CD14 knockout mouse. Synovium (S), tibia (T), tarsal (Ta), joint space (J), cartilage (C), and fibrinous exudates (F) are indicated. Hematoxylin--eosin counterstaining was employed and the original magnifications are as follows: left column 12.5× and right column 40×. Representative data from 10 joints in each group are shown. **(b)**Histological score. The severity of arthritis was assessed as described in the Materials and methods section. Data are shown as means ± standard error of the mean (*n*= 10). The significance of difference between groups was calculated by using the Mann--Whitney rank sum test. \**P*\< 0.05.](ar1175-5){#F5}

![The expression of inflammatory cytokines in arthritic joints of mice with peptidoglycan--polysaccharide (PG-PS)-induced arthritis. Total RNA was extracted from ankle joints, reversely transcribed, amplified by PCR, and resolved on gel electrophoresis. The upper panel shows 24 cycles of amplification with tumor necrosis factor (TNF)-α specific primers, and the lower panel shows 22 cycles of amplification with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-specific primers. The first two lanes on the left represent DNA molecular weight markers. Lane (-) represents a negative control (RT-PCR amplification in the absence of RNA sample). Lanes N1 and N2 represent RT-PCR amplified RNA from nonarthritic joints of normal (i.e. not injected with PG-PS) wild-type and CD14 knockout animals, respectively. Lanes a--d represent RT-PCR amplified RNA from four different arthritic joints of PG-PS-injected wild-type animals. Lanes e--g represent RT-PCR amplified RNA from three arthritic joints of PG-PS injected CD14 knockout animals. Representative data from two independent experiments are shown.](ar1175-6){#F6}
